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The hepatotoxic metabolites known as aflatoxins (B1, B2, G1, and G2) have been produced on several agricultural commodities by certain strains of Aspergillus flavus. Feeds containing aflatoxin caused the deaths of approximately 100,000 turkey poults in 1960 (2) and hepatoma formation in trout (1) . Consequently, there is concern as to the effects of aflatoxin on larger domestic animals. A method was needed to produce the large quantities required to carry out the necessary feeding trials. Peanuts (6) , crushed wheat (5) , and corn meal (11) have been used as substrates in aflatoxin production. Hesseltine et al. (9) reported production on rice, wheat, corn, soybeans, and sorghum. They found that rice was the best substrate for producing aflatoxin B1 and that wheat was the best for aflatoxin G1. As a continuation of these studies, Shotwell et al. (13) described a method for obtaining large quantities of B1 on rice; the moldy rice could be used either as is for feeding trials or for isolating the aflatoxin.
Since the production of aflatoxin on oats had not been investigated and since wheat is a good substrate for the production of aflatoxin G1, we extended our studies to include these agricultural commodities. This paper describes the production of aflatoxin on oats and a method for making large quantities of G1 on wheat.
In connection with these studies, a method for reading thin-layer chromatographic plates was developed; this Fermentation. Conley hard red spring wheat, used as the substrate for NRRL 3145, was pearled to get maximal growth of the fungus. This mechanical treatment abraded the surface of the kernels but did not completely remove the bran nor break the kernels. The treated wheat was weighed dry into 300-ml Erlenmeyer or 2.8-liter Fernbach flasks, and tap water (50 ml per 100 g of wheat) was added. The mixture was allowed to stand covered at room temperature overnight. The wheat absorbed all the water, but the kernels were still readily separated from one another. Flasks were sterilized for 20 min at 15 psi in an autoclave, cooled, and inoculated with a spore suspension (0.5 ml per 25 g of wheat). The spore suspension was prepared by adding 6 water was added to the Erlenmeyer flasks at 24 and 48 hr (1 ml per 25 g of wheat) and to the Fernbach flasks at 24, 48, 68 (1 ml per flask), and 76 hr (0.5 ml per flask). The flasks were harvested on the fourth day, and were briefly steamed to destroy the fungus.
Whole oats (50 g), groats (50 g), and hulls (25 g) were weighed into 300-ml Erlenmeyer flasks and treated with water as described for wheat. Substrates were inoculated, in duplicate, with spore suspensions (0.5 ml per 25 g of substrate) of NRRL 2999, NRRL 3000, and NRRL 3145. The spore suspensions were prepared like those for wheat, except that NRRL 2999 and NRRL 3000 were grown on potato-dextrose-agar slants (13) . The flasks were incubated on the Gump shaker (200 rev/min) at 28 C. Sterile tap water (1 ml) was added to each flask at 24, 48, and 72 hr. Flasks were harvested on the sixth day and steamed.
Assay procedure. Moldy wheat (25 g) was extracted
by mixing for 5 min with 250 ml of water in a Waring Blendor, followed by mixing for 5 min with 250 ml of chloroform (10) . Moldy groats (25 g), whole oats (25 g), and hulls from 25 g of substrate were extracted by the same procedure and by Lee's (10) alternate method (used for samples that form emulsions with chloroform-water). In the alternate method, each oat sample was blended for 5 min with 25 ml'of water and 250 ml of chloroform. The blended mixtures from both methods were centrifuged for 15 min at 3,000 rev/min. After filtration through cheesecloth into separatory funnels, the chloroform layers were treated with anhydrous sodium sulfate (20 to 25 g each) to remove water. Sodium sulfate was collected on Buchner funnels, and the extracts were concentrated in vacuo on a rotary evaporator. Residues were made up to 10 ml with chloroform for thin-layer chromatography. Thin-layer chromatographic plates (20 by 20 cm) were prepared by the method of Pons and Goldblatt (12) . Plates were coated by mixing 30 g of Silica Gel G-HR (Brinkmann Instruments, Inc., Westbury, N.Y.) with water (64 ml) in a blendor for 30 sec and spreading to 0.250-mm thickness. The solvent system was a modification of that described by the Association of Official Analytical Chemists (3 . Distance between plate and search unit was adjusted to 1 mm, and the response setting was set at 1.
The developed plate was placed face down on the stage, with the origin on the left. The densitometer was adjusted by hand to the center of the 4-,uliter standard B1 zone containing 9.8 X 10-3 ,ug for the highest reading and peak. The height of this peak was arbitrarily set so that other samples which had B1 zones of slightly greater intensity would be completely recorded on the chart. The densitometer was adjusted to the lowest background at which no fluorescence occurred, to obtain a base line. The fluorescent zones were centered inside the 15-mm slit of the search unit so that the path of development would be scanned. The stage was set at the origin of the plate, and the plate was scanned automatically toward the solvent front. All experiments were carried out in a darkened room to protect the aflatoxins from decomposition and to prevent erratic readings of the densitometer.
From the tracings on the chart, the integrated areas of the unknowns were evaluated by comparison with the integrated areas of the standards. Routinely, two of the three paths of each unknown and standard were scanned. The third path was scanned if the other two were not in close agreement. Unknowns were calculated for aflatoxin concentration in the following manner.
(i) The intersect of tangents for slopes of adjacent curves were determined, and lines were dropped perpendicular to the integration line. Units between the perpendicular lines were counted to measure the area under each curve.
(ii) The RESULTS AND DISCUSSION A typical densitometric recording of an aflatoxin sample (Fig. 1) In Table 1 is shown a comparison of the afla- 1  563  174  374  84  37  9  11  Trace 440 168 172 36  2  593  278  510  247  35  11  3  Trace 481  124 181 Trace  Whole  1  270  63  429  103  77  14  93  7  202  74 213 40  oats  2  282  5  483  143  77  22  85  11  288  58 272 54 a Hull (25 g), groats (50 g), and whole oats (50 g) were incubated, in duplicate, in 300-ml Erlenmeyer flasks for 6 days at 28 C on a Gump shaker, 200 rev min. Production (micrograms per gram of substrate) was determined by thin-layer chromatography and densitometry. bMethod 1: sample blended 5 min each with 250 ml of water and 250 ml of chloroform; method 2: sample blended 5 min with 25 ml of water and 250 ml of chloroform.
mined by the densitometer, as shown for G2 in Table 1 . As long as the peaks can be fully scribed on the chart, concentrations can be calculated. All four aflatoxins can usually be determined from one dilution by the densitometer, whereas two or more dilutions may have to be chromatographed for the visual method.
Yields of aflatoxin produced on wheat by NRRL 3145 in 300-ml Erlenmeyer and 2.8-liter Fernbach flasks are shown in Tables 2 and 3 when the substrate was increased to 75 g and 300 g, respectively; however, the yield of aflatoxin B1 was not affected. Indented Fernbach flasks had no effect on aflatoxin production.
Amounts of aflatoxin G, produced by NRRL 3145 on wheat (1,000 Mug per g of substrate) were equal to those of aflatoxin B1 produced by NRRL 2999 on rice (13) . More total aflatoxin (1, 950 Mg per g of substrate) was produced on wheat than on rice (1, 510 Mig per g of substrate). Wheat could easily be used to produce mixtures of aflatoxin for feeding-trials with animals or for isolating quantities of aflatoxin G1.
Production studies of aflatoxin by A. flavus strains NRRL 3145, NRRL 3000, and NRRL 2999 on oats (Table 4) show uniformity among duplicate flasks. The two methods of extraction removed the same amounts of material, but the method using less water was more convenient. Groats inoculated with NRRL 3145 produced the largest amounts of aflatoxin B, (578 Mg per g of substrate). Highest yields of aflatoxin G, (440 to 450 ug per g of substrate) were produced by NRRL 3145 on groats and whole oats. Lowest yields were obtained when flasks were inoculated with NRRL 3000. Although aflatoxin was not expected to be produced on hulls, small quantities were detected. These quantities are considered to range from toxic to very toxic (7). All three strains produced more aflatoxin on groats than on whole oats. Large quantities of aflatoxin B2 or G2 were not produced on oats. None of the strains produced on oats the quantities of aflatoxin B1 that NRRL 2999 produced on rice or of aflatoxin G, that NRRL 3145 produced on wheat.
